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MEMORANDUM REPORT 
- for 

Army Air Forces, Materiel Command 
FLIGHT INVESTIGATION OF THE PERFORMANCE AND COOLING 
CHARACTERISTICS OF AN NACA C COWLING ON THE XP-1+2 AIRPLANE 
By J. Ford Johnston and Stefan A. Cavallo 

SUMMARY 

Results are presented of high-speed and climb tests of 
an NACA C cowling on the XP-li.2 airplane. These tests were 
made for comparison with tests of NACA type D cowlings on 
the same airplane. 

The top speed corresponding to the engine military 
power (1000 hp at 14,500 ft) was 336 miles per hour; the 
addition of Curtis a narrow-chord propeller cuffs increased 
tliis speed by 1 mile per hour; and the addition of cuffs and 
a 2l|.-inch-diameter spinner increased the speed by 3 miles 
per hour . 

Cooling-air-oressure recovery on the front of the engine 
in climb, at lhO miles per hour indicated airspeed, averaged 
53 percent of airplane impact pressure with the spinner and 
cuffs, 68 percent with cuffs only, and 6? percent without 
spinner or cuffs. Corresponding pressure recoveries in 
full-throttle level flight were 69, 7h, fend 7k percent. 

The ground cooling with spinner and cuffs was satis- 
factory. With cuffs only, spark-plug elbow temperatures 
exceeded their limit by 29 0 F after cut-off in the ground run. 



Without cuffs or spinner, they exceeded their limit by 65 F, 
and the oil-in temperature also exceeded its limit. 

INTRODUCTION 

The NACA has conducted an extensive flight investigation, 
on the Xp4l2 airplane, of NACA type D cowlings for radial 
air-cooled engines. Tests of a long-nose high-inlet-velocity 
cowling have been reported in reference 1, those of a short- 
nose high-inlet-velocity cowling in references 2 and 3, and 
of a short-nose low-inle t-velocity cowling in references I4. 
and 5. In order to compare these cowlings with the conven- 
tional NACA C type now in general use, the flight investiga- 
tion was extended to include tests of a C cowling, reported 
herein. 

The conditions investigated with the C cowling included: 



Test number Airplane condition 

17 C cowling with 2)4.- inch spinner and narrow- chord 

propeller cuffs - climb 

18 C cowling with 2[[-inch spinner and narrow-chord 

propeller cuffs - high speed 

19 C cowling with cuffs only - high speed 

20 C cowling with cuffs only - climb 

21 C cowling without spinner or cuffs - climb 

22 C cowling without spinner or cuffs - high speed 
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XP-L2 AIRPLANE WITH C COWLING 
The XP-1+2 airplane with its P. & W. I83O engine was 
described in reference 2, The C cowl external shape 
(reference 6) was obtained by adding a lip to the D cowling 
of references. 2, 3, 1±, and 5. The internal changes consisted 
of removing the cowl inner liner and the afterbody of the 
sninner which together formed the diffuser section typical 
of the D cowling. A dimensioned drawing of the C cowl 
installation is given in figure 1. ?igures 2 and 3 show 
the airplane with the spinner and cuffs; figures if and 5> 
with cuffs only; and figures 6 and 7 > without spinner or 
cuffs . 

The cuffs and spinner v/ere manufactured by the Propeller 
Division of the Curtis s -Wright Corporation, and were of the 
standard design for the 10-f oot-diameter Curtiss propeller, 
drawing number ^12 cc 1.5- 

The modified cowl flaps used in the tests of references 3, 
Ij., and 5 are shown open in figures 2, J j and I;., and closed in 
figures 6 and 7. 

TEST APPARATUS 
The installation of the test equipment was essentially 
the same as described in reference 2, with the exception that 
the three pressure survey rakes which had been installed in 
the annular diffuser section v/ere moved to a position just 
forward of the front cylinder- valve push rods at the same 
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120° intervals around the engine. The left rake may be 
seen inside the cowling in figure 7. 

PROCEDURE 

The procedure followed in making the high-speed and 
climb tests is described in references 2 and h r . For each 
condition, the high speed was determined from, two flights of 
five runs each. The climb tests for each condition consisted 
of one climb at 1§5 miles per hour indicated with the mixture 
control in automatic rich, and one at ll+O miles per hour 
indicated in the full rich setting, in which the altitude 
compensator is bypassed. 

The ground cooling was checked for each condition by k 
10-minute run at lij.00 Ppm with the cowl flaps open, and the 
propeller in the low-pitch position, followed by a 5-minute- 
idling period. Temperatures were recorded during the runs 
and for approximately 10 minutes after cut-off. 

RESULTS 

The data obtained during the high-speed level-f 1 iglxb 
runs and during the climbs are presented in tables Ka.,), ItU)^ 
and 2. Time histories of the climbs are shown- in figures 3- 
9, and 10, 

Analyses of the high-speed performance are -given in 
figures 11 and 12. The observed cooling-air pressure:, 
distributions in the high-speed and climb conditions are 
shown in figures X3 and lJ+, and typical cylinder-head and 
barrel temperature distributions, in figures 15 through l8. 
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Time histories of the ground-cooling tests are presented 
in figures 19, 20, and 21. 

Table 3 gives a comparison of the maximum speeds at 
military power and the average cooling-air-pressure 
recoveries with all the cowlings tested on the XP-L.2 airplane. 

DISCUSSION 
Maximum Speed 

The values of maximum speed and power observed during 
the full-throttle level runs with each arrangement tested 
are shown on figure 11. The figure also includes the 
parameters ^^/^i representative of the effective power, and 
52.73 ^C^^' representative of the airplane cleanness, as 
explained in references 1 and 2. The product of these two 
parameters is the speed of the airplane. The installation 
having the highest value of the latter parameter will 
evidently have the highest speed at a given power and 
altitude . 

It was shown in reference 4. that the installation of 
the modified cowl flaps in the closed position caused an 
increase of form drag, resulting in a decrease of approximately 
two-thirds of 1 percent in the parameter 5 2 .73 ^C^S^5 # Tliis 
increase of drag is attributed to air leakage around the 
modified flaps and would not be nresent in a well-designed 
flap installation. Hence, for comparison with the results 
of previous tests' with the original cowl flaps, it is desirable 



to increase by two -thirds of 1 percent the values of speed 
and 52.73 "3 observed in the present tests. This 

correction of 2 miles per hour, while not shown on figure 11, 
has been incorporated in the data plotted on figure 12, 
which presents a comparison of the speeds obtained with the 
various cowling arrangements tested on the XP-J|2 airplane. 
Points corresponding to the official performance figures for 
similar airplanes with conventional air-cooled (P-j6a) and 
liquid-cooled (P4j-0C) installations are also shown. 

Examination of figure 12 shows that if in each case the 
engine had delivered its rated military rower (1000 hp at 
ill, 500 ft; — £ == 1S6[|_), the speeds would have been as listed 
in table 3. As explained in reference 1, this figure may 
be used for comparing the sneeds of various installations 
at the same power and altitude by movement of the test points 
along lines of constant to a common value of ^p. Such 

a comparison at the rated military power of the engine 
(.1000 hp at lk, 500 ft; P 15%) H presented, in table 3 

for all the cowling arrangements tested on the XP-lj.2 airplane. 

Examination of table 3 shows that the speed with the 
C cowling was increased 1 mile per hour by the addition of 
cuffs and 3 miles ner hour by the addition of cuffs and a 
spinner. It appears that an improvement in the external-flow 
conditions around the cowl nose was obtained by use of the 
spinner. The pressure recovery data listed in table 3 indica 
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that the cuffs were not loaded in the high-speed condition. 
It is probable that the cuffs served to streamline the 
propeller shanks and thus to increase the propulsive efficiency. 

It should be noted that the fairing material on the nose 
of the C cowling (see figs. J, 5, and f) was subjected to 
cracking under flight vibration. Although the fairing was 
smooth before each high-speed test, some cracks appeared 
during flight. These cracks would cause a premature transi- 
tion from a laminar to a turbulent boundary layer and a 
consequent speed loss estimated at not over 1 mile per hour. 
No correction has been made for this possible source of drag. 

Pressures and Temperatures 

The average cooling-air pressures on the front of the 
engine in full-power level flight with each arrangement are 
listed in table 3. The pressure recovery at high speed 
averaged approximately 0.7J+q c for either case without the 
spinner, and 0.69q c with cuffs and spinner. Engine cooling - 
a:r pressure distributions for the three modifications are 
shown on figure 15 for the high-speed condition. The values 
plotted are the average over 10 runs for each location of 
pressure measurement. The pressures noted on the exhaust 
side of the barrel of cylinder 3 may be expected to be low 
because points of measurement lay in the wake of a large 
ignitions-cable conduit and next to a hole in the baffling. 



The pressures as shown in figure 1* are reasonably 
uniform, but the;/ are, in general, lower than would be 
expected fro™, an open-nose cowling. The low inlet velocity 
in either case without the spinner would preclude any but 
negligible losses from the cowl entrance to the front of the 
engine. With the spinner, the inlet velocity ratio is esti- 
mated, at ver;y nearly 0*25* so that the q at inlet would be 
0.06q c . An assumption that 90 percent of the inlet q is 
lost in turbulence due to the lack of a diffuser section 
behind the spinner leads to the conclusion that the impact 
pressure at the cowl entrance referred to free-stream static 
pressure must have been O.o9q c + 0»05 c lc = 0.7l+q c , or the same 
as that without the spinner. 

It appears that about 0.26q n becomes unavailable, as far 
as the internal pressure recovery ia concerned, because of 
the presence of the propeller ahead of the cowling. Refer- 
ence 7 shows that the nressure recovery of a model of a 
similar cowling (with air flow) was 0.97 c l without the propeller 
0.570. with a model propeller hub, and 0.62q with an operating 
propeller ahead of the cowling. 

As listed in table 3, the pressure recovery on the 
front of the engine in full-power climb at ll|0 miles per 
hour was 0.5'Bq c with spinner and cuffs, 0.63q c with cuffs 
only, and 0.67q c without cuffs or spinner. Recoveries in 
climb at 155 niles per hour were the same or 0.01q c higher. 
It is obvious from these data that the cuffs were ineffective 
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in climb. The loss due to the spinner was 0.10q c . This 
increased loss is associated with the increase in inlet- 
velocity ratio in climb as compared with the high-speed 
condition. 

Typical pressure distributions in climb are shown on 
figure ill. It is noted that the highest pressures occurred 
on the lower loft side of the engine (cylinders 8 to 12) as 
a result of high angle of attack, slipstream rotation, and the 
right yaw of the airplane associated with the full-power 
climb condition. This pressure gradient across the face of 
the engine is characteristic of the open-nose .cowling.* 
When the inlet velocity was. increased by use of the spinner, 
the pressure distribution became more nearly uniform, as may 
be seen in figure lh r . The dumping losses previously noted, 
however, reduced the general pressure level. 

Typical distributions of the cylinder-head and barrel 
temperatures are shown in figure 15 for the high-speed condi- 
tion, in figures lo and 17 for two altitude ranges in the 
full-rich climb condition, and in figure l8 for the automatic- 
rich climb. These data have not been corrected to the same 
conditions, but runs made near the same altitude were 
selected for each comparison. It appears from these 
figures that variations in mixture strength and other factors 
from cylinder to cylinder obscure the effect of variations 
of cooling-air pressure drop around the engine. It is seen 
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that the temperature distributions are essentially similar 
in all cases. Comparison of figures lo and 17 shows that 
the distribution becomes more uneven as the mixture strength 
increases with altitude in the full-rich climb. 

Ground Cooling 

Time histories of representative temperatures observed 
during the ground cooling runs are shown in figures 19, 20, 
and 21 for the cowling with spinner and cuffs, with cuffs 
only, and without spinner or cuffs. 

In no case with spinner and cuffs did any of the tempera- 
tures become critical when corrected to Army standards. 
However, the oil-in temperature did come within 1° of its 
limit of I05 0 F, 

In the test with cuffs only, corrected head and barrel 
temperatures stayed below their Army limits of 5^0° and 335° 
respectively, but were slightly higher than the spinner- and - 
cuff condition. The rear spark-plug elbow of cylinder 
number 7> which was the hottest elbow measured throughout the 
ground run, ran 29° over its Army limit of 2/4.8° ? 7 minutes 
after cut-off. 

Without cuffs or spinner, the temperatures of heads and 
bases were within their limits, but were noticeably higher 
than with the other two modifications. Spark-plug-elbow 
temperatures increased throughout the run until at cut-off 
they were 19° ? over their limit and went to 65° P above the 
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critical temperature 8 minutes after cut-off. Oil-in 
temperatures also shewed a steady increase, passing their 
critical, when corrected, 73 minutes after the start of the 
run and going to 2l\° ? over in l6 minutes, which was the 
point of cut-off. The magneto operated within its limit 
throughout the run. 

The large change in air temperatures ahead of and 
behind cylinder number 1, in each case, shows that the air 
flow reverses direction after the engine is stopped. The 
fact that in one case (fig, 21) the maximum front spark-plug 
elbow exceeded even the maximum rear gasket temperature 
7 minutes after cut-off is regarded as further evidence of 
this forward air flow. Comparison of the air temperatures 
after cut-off in figures 19 and 20 shows that the spinner 
had no apparent tendency to trap the air in front of the 
engine . 
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The cuffs alone improved the ground cooling, and the 
addition of the spinner gave further improvement. The effec 
of the spinner was probably to prevent air leakage forward 
along the propeller shaft. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., November 2l t , 194-2. 
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.80 
70 
75 
70 
.78 
75 
76 
.77 
jag 
79 
.75 
.75 
.7* 
.757 
79 
.79 
.77 
■23. 



73 
.62 
.73 
78 
75 
.80 
.78 
.72 
79 



.25 
.25 
.24 
.28 
.28 
.28 
.28 
.26 



70 
.74 
77 
78 
76 
76 
.76 

SSL 



.7/ 
.63 
73 
78 
75 
.78 
77 
76 
28 



.26 
.26 
.25 
23 
28 
.29 
.29 
.26 
£6 



.27 
.27 
.27 
.29 
.30 
3/ 
.31 
.28 
27 



.72 ' 72 
^2 .63 
.73 | 72 
.77 .77 
.77 .75 
80 .78 



.23 
.23 
.27 
.29 
.29 
.3/ 
.30 
.23 
•28.. 



~7T 
79 
77 



.79 
77 
2V 



7FT 
75 
75 
.74 
76 
74 
79 
.77 
7£_ 



7*r 

.69 

.75 
7/ 
78 
.76 
76 
76 
22_ 



78 
78 
.78 



.76 

77 
79 



.80 .8/ 
.70 \ 70 
.74 i 74 

77 ; .7/ 
.79 ! 78 

76 ! 76 



72 
.63 
.72 
78 
75 
.80 
.78 
.80 



.26 
.26 
.26 
.28 
.28 
.30 
.29 
27 
26 



.63 
7/ 
.58 
.60 



7Z~ 
.78 
22 



80 
76 



<63 
72 
.5-8 
■6/ 



78 
77 



.77 
.76 

74 
74 

.75 

.74 
.79 
.76 

.80 
.77 
.78 



.76 
.76 
3*? 



7^7 
75 
75 
75 

.76 
.80 
79 
.77 



.64 
70 
5^8 
.60 



~72~ 
78 



.80 
77 
£0. 



77 
.58 
.6/ 



73 
79 

.76 



63 
.7/ 
.59 
.60 



.76 
.77 
.79 



76 
.76 
75 
.76 
79 
.78 
77 
23. 



.87 
70 
.74 
72 

79> 
77 
.77 
78 
^0 



7/ 
62 
.73 
77 
.75 
78 
77 
.77 
78 



.27 
.26 
.26 
.28 
.28 
.30 
.30 
27 
.26 



.72 
.62 
.72 
.78 
76 
79 
.78 
78 
.79 



.27 
26 
.26 
29 
.28 
.29 
29 
.28 
27 



IA/D. /lATfSPEEQ MPH 

<?<r 

7)K P/?ESS. ALT. 
AY. PPEE Tj/fr °E 
/U7. 73AZP 

/)X A//97V. PPESS. 
7?PM 



.79 
.77 
79 



.79 
76 
75 
74 
.76 
80 
.GO 
.79 



.80 
.70 
.73 
.70 

7<? 
.75 
.75 
.76 

79 



-77^ 
.78 
36 



.80 
76 

.8/ 



.74 
74 

.74 
75 
76 
78 
77 
JZ3- 



.80 
69 
73 
70 
.78 
75 
.76 
.76 
.78 



^74 
.64 
.74 
.78 
76 
.78 
76 
78 
73L 



^63 
72 
.58 
.59 



73 
79 
79 



.7? 
75 



7^ 
74 
.73 
7Z 
.75 
.79 
.80 
78 
.73 



5? 

.76 

7/ 
.78 
.75 
75 
.75 
78. 



2sr 

70 
.59 
.59 



72 
.78 



79 
.74 
.79 



^79 
.76 i 
.75 
.75 
.75 
78 
78 
76 



63 
.7/ 
.58 
.60 



.72 
.79 

32- 



79 

.76 
.77 



.63 
.69 
.58 
.59 



73 
.78 
25 



^4 

.72 
.58 
.6/ 



20-/ 
/ 2 3 



/55 /54 /53 /5Z 
/2.0 7Z3 /Z.6 ZZ.5 
38O0 9A00 /3900 Z8900 
66> 48 34 2/ 
870 900 840 750 



-2580 — 



A0T0 PZCAZ EL/A43 



7 



20-2 
2„ . 3 



/40 /3"9 '/39 /3£> 
97 9.5 9.5 9.2 
3800 88O0 /400O /780O 
69 <48 3/ 2/ 
930 930 780 660 



-2570 



P0LL P/CZZ CZ./MB 



MTAZ C6/PE5, W/TA/0/ST SPA/ZA/EP 



'-.34 

-3/ 

-35 

-./9 

-./8 

-./8 

-2/ 

-.30 

kg? 

VT54 

: <*2 
■ .66 
: .80 
I 75 
.83 
.83 
.77 
72 



.50 
.6/ 
.66 
.79 
74 
78 
.88 
Z7 



-.34 
-33 
-.38 
-.2/ 
-74 
-.2/ 
-.2/ 
-33 
-.34 
.58 

.6/ 
78 
.76 
.30 
.83 
79 
73 



~6*T 
.50 
.60 
.6* 
79 
75 
76 
87 
74 



-.35 
-.32 
-.37 
-.20 
-.20 
-.20 
-22 
-.32 
z34 
.ST 
.<40 
.63 
.78 
.72 
.84 
.82 
.78 
7Z 



-.34 
-.32 
-.36 
-2Z 
-.2! 
-J9 
-.2/ 
-.32 
•34_ 



I .62 
\ .65 
i .69 

.76 
, 85 

.8/ 

■8S 
-.62 

72 
78 

9/ 



54 

■ 80 

■ 84 



T&6 
.6/ 
.65 
.66 
.73 
.83 
.80 
.87 
.63 
.72 
.78 
.90 



.67 
50 
.6/ 
.67 
78 
74 
.78 
.82 
22.. 
.68 
.60 
.65 
.70 
.72 
82 
.82 
.82 
.63 
.7/' 
75 
92 



3T 
.57 

.3/ 
.50 



57 

.80 
2?3L 
.38 
.58 
.3/ 
<46 



.58 
f45 
.67 
76 
.72 
.82 
.84 
.76 
72 
.70 
.53 
66 
.64 
8<? 
.75 
77 
85 
.73 
.67 
.60 
.65 
<o9 
.75 
82 
.82 
.83 
.64 
.69 
.73 



-.35 
-.40 
-.23 
-.23 
\-.23 
-.26 
-.38 
r.38 



-.4-2 
-.37 
-.44 
-.24 
-.25 
-.24 
-.27 
-<?0 



^.38 
59 
.74 

1 74- 
.84 

' .84 

26.. 



.56 57 
.80 .8/ 

.3<r*r 

.60 .58 
.32 .34 
.47 .5/ 



.66 
.50 
.64 
.68 
.82 

.8/ 
.88 

I 76 
.68 
.58 
65 
.67 

I 77 

, .84 
! .89 
.6/ 
.64 
79 



.53 
.38 
.63 
78 
.73 
.82 
.82 
.79 
68 
.65' 
.50 
.64 
.64 
.78 
75 
78 
.87 
72 
64 
.6/ 
66 
.68 
.74 
.85 
.80 
.87 
.58 
65 
74 
44 



-.42 
-40 
■43 
.29 
.29 
.29 
.28 
-.40 
.42 



84 

.8a 



732 
.64 
.26 
.47 



.52 
.80 

.37 

.6/ 
.26 
.52 



.50 
.38 
.63 
.74 
70 
.79 
.82 
.76 
,48.- 
65 
49 
.6/ 
.6/ 
.74 
7/ 
73 
.87 
23 
.62 
.60 
.65 
62 
7/ 
.80 
76 
90 
,55 
63 
72 
£// 



52 
77 

.59 
26 
46 



-.40 

-.36 

-.40 

-.22 

-.22 

-.27 ! 

-.28 

-.38 

-.38 

.52 1 

.44 

.69 

.77 

70 

.8/ 

84 

.82 

70 , 

.67 \l 

.50 

.65 
67 

.74 ; 

74 
78 
.87 
.21. 
.66 
.62 
.65 
.66 
.74 
80 
78 
87 
56 
.65 
.69 

£0L 



.53 
79 

.59 
.29 
.52 
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XP-42 
A/PPLAPP 

C COWL 

/vo cz/pps OP 

5P/A//V£P 



T&d/e //&) Pre>S5//P£> &f?<p<pf 3) 



TEST A/0. - PLT. /VO. 

PCS*/ A/O. 

7PVE A/PSPEED, MP//. 
(jL IMP a O 
A 77*. PPESS.. IP. PO. 
AFP/. TEMP °F 

q dea/s/tv pat/o 

DENS/Ty AIT., PT. 

S/YP 

PPAf 

A/AA//P PP., 7P /i& 



33/ 33/ 33/ 330 330 
34.6 33 7 323 3/0 30.3 
Z723 Z654/5.40 /527 Z4.66 
28 23 23 /<? /3 
6/6 .594. 57/ .553 .533 
/5650 Z6750 Z7950 Z8900 /970V 
928 90O 877 540 8Z6 



EA/GZA/E P/?E5SOPE 
TUBE LOCAr/0/V5 



CYL.A/O. 



/-P 

3-P 




5 
4-p 

7-R ft 5 *!* 
9~P ^ 



r 

8 



7-23 

3'EB 
4-£B k, 
6£3 b^Nl 
7£3 
9EB 

/0EB*X§ 
/J2-£3^<§ 
/4 £3 ^ 



JO 




f-TH 




l-XH 








o' 


4 o 






^-13? 




| I-E8 





Cy/ 



no. 1 



r 



\3-TH 
3-EH2-+ 0 

3-5/i 



3-EB^q 
3EQ2Q 



Cy/. 



Or- 

no. v 



- 3-ft 



/-£// 
3~£ZZ » 

7£P$ 9 

Z2£P^^ 
M*£P 



/-TP . 
3-TH 
A-TP L 

ffi s 

9- TP ^ 

10- TP ^Ss 
ZZ-7P kN 



JL. 



22- / 



22 -Z 

_>2_ 



329 329 330 330 327 
33.9 32.8 3/9 308 292 
Z7./6 Z6.47 Z584 /5/9 /4.S0 
28 26 23 2/ /<? 
6/0 588 .569 .548 .529 
Z5950 Z7050 Z8050 Z9Z50 20200 
9Z4 89Z 863 830 793 



26&0 

399 38.2 36.8 353 3+2 \ 39.7 38Z 36.6 353 339 
PZGP 5PEED 



.22 
22 
.20 
.25 
.25 
.26 
.20, 
23 
■Z2 



PPESS6/PE PAT/0>P^c 



773 

zo-/3 ^ 



3-EP2 
4EP2 
3 £32 
+ -£32 



72 
6/ 
.7/ 
76 
75 
.78 
.77 
.78 

.80 
.68 

73 
.7/ 
.77 
.75 
.76 

78 
.76 
r/8 
.74 
75 
.75 

76 
■79 
.82 

78 

79 
.76 
78 
7/ 
.78 
.76 
.6/ 
.7/ 
.56 
• 57 



.22 
22 
.20 
.26 
.26 
26 
26 
.23 
J!2_ 



72 
.62 
.73 
.76 
75 
.79 
.76 
.79 
79 
.80 
69 
.74 
.72 
.78 
.76 
75 
77 
.79 
.80 
75 
76 
75 
76 
79 
78 
78 

^79 

75 

.72 
75 

.62 
.72 
.56 
.£9 



.23 
.23 
.2/ 
.26 
.26 
.27 
.27 
.24- 
Z3 



.72 
.62 
.74 
.78 
76 
.79 
.77 
79 

.8/ 
.69 
75 
72 
78 
75 
76 
.78 
.80 
.80 
76 
.76 
76 
76 
79 
80 
79 
Z5L. 



22 
22 
.2/ 
.26 
.26 
.26 
.26 
.23 
2Z 



.72 
.6/ 
72 
77 
76 
.79 
77 
78 
,7£ 



.22 
.22 
.20 
.26 
25 
.26 
.26 
.23 
.22 



.80 
69 
.73 
72 
.76 
74 
.75 
77 
79 
.79 
74 
.7S 
75- 
7S 
79 
79 
78 



72 
.62 
73 
77 
76 
78 
.77 
78 
7S_ 



79 
70 
73 
72 
78 
7S 
75- 
77 
78 
.79 
75 
7S 
75 
76 
.80 
78 
78 



.80 
.76 
78 
73 
.79 



76 _JL6^ 
.62 6>2 
.72 7Z 
.57 .56 
.6/ S9 



8/ 
75 
75- 
76 
76 
.80 
80 
.80 

74 7-4X?5~ 
79 78 
76 
78 
7Z 
76 
76 



77 
79 
72 
78 



56 



.25 

.23 
.29 
.29 
29 
29 
26 
,2£_ 



73 
.62 
.73 
77 
76 
79 
77 
79 



26 
26 
25 
.30 
.30 
.3/ 
.30 
.27 
2* 



.80 
69 
74 

72 
78 
76 
73 
.74 
.80 



73 
.63 
.74 
74 
78 
.8/ 
79 
.80 



.24 
.24 
22 
.28 
28 
.28 
.28 
.25 
24 



.82 
70 
75 
73 
.80 
78 
.78 
.79 
8/ 



72 
.6/ 
72 
77 
76 
80 
78 
79 
•60 



.23 
.23 
.23 
.27 
J?7 
.28 
.27 
24 
2<L_ 



.82 
.76 
78 
77 
78 
.80 
.80 
.80 
76 
.80 
77 

74 
■80 
77 .78 
62 .63 
.7/ .73 
57 .58 
60 .60 



80 
70 
73 
72 
79 
76 
76 
77 



80 
76 

72 
78 



.8/ 
74 
74 
76 

.76 
79 
78 
.78 
76 
80 
77 
78 
72 
78 
76 
.62 
72 
.57 
.6/ 



.73 
.63 
74 
.78 
.74 
79 
78 
74 
^£0_ 
8/ 
.70 
.74 
72 
.79 
76 
76 
78 
.80 



.25 
.25- 
.24- 
.29 
29 
.30 
.30 
.26 
.25 



I NO. P/P5PEED, "PP. 

AK P/?E3S. PIT. 
AV. PP££ s4/P> °P 
PK SPP 
PV A/AM PP£S5. 
PPAf 



7T 
.63 
73 
79 
78 
■8/ 
78 
80 



.8/ 
75 

.76 
.76 
76 
3/ 
.80 
.80 
7A 
.80 
76 
■S0_ 
73 
78 
^77 
64 
.7/ 
.58 
6/ 



.80 
69 
74 
73 
79 
.77 
78 
.79 
.80 



.81 
76 

77 

77 

.77 

.8/ 

.82 

20 
^35lA 

.80 

78 
_£/ 
72 

74 
-79 

.62 

72 

.59 

.60 



2/- /A 



2/-/S 

J. Z 3_ 



/55 753 /54 /53 /39 /38 /36 /35 
//P /Z.6 Z/7 ZZ.5 9.5 4.9 9.2 9.0 



4 ZOO 89O0 Z+ZC0 Z7<?00 
52 49 37 23 

930 930 840 760 

39.8 40.0 36. Z 3/8 
2560 

AZ/T0 PZC/Z CIZHB 



3400 9700 Z380O 7700 
33 5/ 36 20 
7000 9*0 740 680 
43.0 42.0 36.0 30.8 

«* 2540 - 

PULL PZC/Z CL/A/B 



A/O 5P/A/A/£P OP CUFFS 



-38 
-.33 
-.40 
-.23 
-.24 
.22 
J85 
-.35 
■36 
.52 
43 
.67 
.74 
.68 
.75 
. 77 
.67 
.66 
.64 
.54 
.65 
.60 
75 
.68 
7Z 
.72 
.66 
.66 
66 
.68 
.69 
70 
76 
.76 
.75 
.57 
.69 
.74 
.79 
53 
74 
.74 
.40 
.63 
29 
43 



-.38 -.35 

-.34 -3/ 

-.40 -.36 

-.2/ -.20 

-.21 -.20 

-.22 -.Z8 

-.24 -.Z2 

-.34 -.33 

■36 -.33 



53 

43 
.68 



.56 
46 
7Z 



75 78 
.7/ .72 



77 
.75 
.65 
.66 
,65 
.55 
.68 
.62 
76 
.68 
70 



.8/ 
78 
70 
.69 
.69 
57 
.71 
.65 
79 
74 
76 



.69 74 

66 .70 

.64 70 

70 72 



70 
70 
73 
76 
.77 
72 



76 
.76 
76 

.SO 
.80 
76 



56 .6/ 

.67 72 

77 .80 

79 .84 

.53 57 

76 77 

73 77 



43 
.64 



44 
.66 



.33 .35 
.52 .56 



-.36 

-33 
-.38 
-.23 i 
-.20 1 
-.20 ' 
-.24 
-34 
-.36 \ 

56 \ 

.45 
70 

77 

.70 1 

.78 

76 I 

.69 

.69 ! 

.68 

55 

70 

.60 

75 

.74 

76 

75 

.70 

.69 

.69 

.74 

73 

74 

.80 

.80 

76 

.6/ 

.69 

.78 

.8/ 

.56 

.76 

.75 

44 

.63 

.33 

.56 



-45 

-4/ 
-45 
-28 
-.28 
-28 
-.32 
-44 
-43 
49 
40 
.66 
.73 
70 
75 
.8/ 
.70 
.58 
.58 
45 
.6/ 
59 
72 
.65 
.69 
78 
.65 
.63 
.63 
67 
.68 
.69 
.73 
.73 
73 
.55 
.62 
74 
.80 
.46 
74 
74 
.34 
57 
.22 
.46 



-.45 
-4/ 
-.45 
-.29 
-26 
-.26 
-.30 
-.4/ 
-.43 
.52 
.34 
.7/ 
74 
72 
.80 
.79 
73 
.68 
.63 
.5/ 
.65 
.64 
77 
.67 
7Z 
79 
.67 
.64 
.C7 
70 
72 
7Z 
76 
75 
76 
.55 
.66 
76 
.85 
50 
.78 
77 
42 
.6Z 
.27 
50 



-40 
-.36 
-40 
-.23 
-.23 
-.2/ 
-.23 
■36 
-.38 
54 
.45 
.70 
79 
.72 
.82 
.84 
77 
.67 
.65 
53 
.67 
.63 
77 
72 
74 
.80 
.68 
.64 
.64 
72 
72 
74 
.80 
78 
.80 
.63 
.67 
.78 
.86 
.54 
77 
79 
.38 
.6Z 
.29 
r48 



-46 

-4/ 
-.46 

-.3/ 
'Jd7 
-.25 
-.27 
-.4Z 
-.43 
53 
.4/ 
.66 
.75 
7Z 
74 
79 
74 
.67 
.64 
.5.0 
.64 
.60 
77 
7Z 
7Z 
82 
.66 
.6/ 
.63 
.68 
.68 
7/ 
78 
.78 
.80 
.62 
.66 
74 
.82 
.5/ 
74 
77 
.35 
.60 
3Z 
43 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



L-612 



777Jb/& /(b) Pressure* f I) 



C COWL 



FLT NO. 



TEST NO.- 
RUN NO. 

tm — Mft^tfco 

Qe.; INCHES H^O 
ATM. PRESS IN. HG 
ATM TEMP °F 
C7\ DENSITY ft AT I O 
DENS\TY ALT. FT. 

an 3 1 

R P M 

MAW I F. PR . IN H& 



334 

n.53 

34 



/ 



3 
335 



34.U 333 
lb.Ho lfe.M 

.5^ .5Ho 



333 



-3^ 



3X0 M.* 

V5.3b 14. 
3l3 XI 

S5<* 5A0 



15IO50LLS 50 11100 1U0O 1HU00 

qos % r \x %+<\ %\i 



/ 

33X 



/SS 

* 2- 

33* 



551 3 

35.3 34.1 33.0 33.3 34.% 

n.si uao iw.51 iixbl 

33 X4 ^5 33 

.^1% .LOO 5*1 5^0 <*0b 

1S550 U>450 11400 11000 llol50 

<u<\ %<\\o *v><& two 



5^ 



3fc.4 35.3 
HIGH 



3%. 4 3S.% 




0-FS3 0-R'PT 0 

. Oil Cooler 





\ 


C-P4o 


° C S4 


C-P3o 


oC 53 




° C 5Z 


[ c-pi <> 


j 


* C-5t 



IND AlRS^EE.0, KPH 

MV, PRtSS. AIT. 
AV PRE E Al R, °F 
AV C3HP 

AV MANlF PftE«SS 



11-4-13 

its rn T53 rsT" 

1X0 11.3 115 11. b 
4^00 10000 1510O ISOOO 

<o3 49 33 1* 

SCO %%0 «3l0 110 

40.0 3<V0 3k>0 30.^ 
X5li>0 



11-4A 

3 



AUTO RICH CLIMB 

SPINNER AND CUFFS 



~~OT 131 ITS — 133" 

<*.3 R.3 q.4 S.O 
5*00 <V*00 15100 1S000 
5<* 43 X* IS 
%10 ^00 140 <*XO 
4X.0 4^.0 35.0 30.0 

<: ^.SAO » 
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TABLE 2 



TE6T NO" FLIGHT NO. 
RUN NQ, 



TRUE AIRSPEED. M.P.H. 

*TFU IN. HG 

ATfA. "TEMR °F 
<Tt>EN6\TY RATIO 
DENSITY *LT. ; FT 
fc.H.R 
R.P.N. 

MAN. PREi5 I N. H€ 



TEMPERATURE OAT A 



( 5HEET . I ) 



I 



\%-5 
a 3 



3 



334- 336 335 333 335 332 
355 34.6 33.3 320 31. ^ 35.5 
)7.S3 16 26 /679 ISS6 1446 /r37 
34- 34-28 23 21 33 
.6/6 5*76 559.540 .6/8 

/5£50 /6£50 17700(3600 )%0C ISSSO 
928 905 872. 54-9 82 1 9/9 

-2620- 



_3 4^ 



IND. AIR5PEED 
Qc I N H?0 
AVE. PPE66. ALT 
AVE FREE Al R,°r 
AV E B H. P. 

MAN IF PRE54 
M. 



I7-4B 
-2 2_ 



I 



/7-4A 



332. 332 331 333 
34. 1 350 333 343 

/6.99 /6.20 163"/ /7aa 

28 24- 25 33 
.£00 ,58/ .590 .606 
16450 /740017000/6/5-0 AVE 
89* 868 SSG 9/9 R P. 



407. 



39/ 



378 364- 

H 6PEED 



^£3 



405" 



3?3 375^384 39 8 



75^ 73a 754 IS? 

11.7 //.4 H.7 //.7 
SOOO 10700 /S4O0 I2S0O 

63 47 3a /<? 

8kO 900 8/0 7/0 

400 39./ 356 3/.0 
cLS60 



AUTO RICH CLIME 



T^O J3~S 137 135' 
9.6 9-4- 73 9.0 

6600 /0200 i hoc 

SS 4 3 2 6 15 
922 890 7/3 639 
43.2 41.5 33.9 30.0 



FULL RICH CLmB 



6P/N-NER ± CUFF4 



CYL MO. PT OF MEASUREMENT 



"EMP 



TEMP °F 



\ - REAR 5P. PL. GA6KET 
3 



5 

6 
7 
8 
9 
10 
II 

fa 

13 
14 

I 

3 
4 
5 
6 
7 
8 
9 
fO 
/ I 
/2 
/3 
/4 



ay/ 39/ 39? 422 

382 3 £2. 337 394 4-18 
397 394- 399 403 430 
399 394 399 403 43a 

394- 392 39? 403 42.5 
448 432 4554fc/ 487 
4/6 4/9 423 42G 45"/ 

4a9 430 4 37 439 462 
44^ 44-2 4 4 8 4Si 48,0 
4/4- 4/6 4 2.1 4a6 44-8 



392 3 89 398 392 398 
357 387 396 396 39£ 
396 394 403 40 I 40 I 
40/ 396 4 03 398 396 

396 396 40& 408 4-/0 
433 434- 465" 4654 65 
422 4-/9 43/ 429 433 

4-38 435 44 7 44-3" 44 "7 
4 4 6 445" 4-56 4-36 45"6 
4/? 4/9 43/ 4,3/ 433 



- REAR £ BARREL FLANGE 3/4 3/3" 3 /4- 317 32"S~ 



307 

309 

295 

3/2 

307 

302 

323 

330 

30S 



30h 
309 
296 
3 10 
306 
3 03 
3 24 
332 
306 



/O MIX. ATINTAKE PORT 
- BLOWER R\W\ 
FUEL -iUC.itDt PUMP * 

* - PR. m .1 

* ~ CARB. FLOAT CHAMBIW 
II - rWT $0. PL. ELBOW 

II - REAR »' « 11 
RECORDED TRIE Al« 
AIR - CARB- 6C00P 

" - FRT. CYL. 14 

»» - REAR " ■ 

" - OIL COOLER Em 
OIL - IN LINE 
OIL - OUT 
ACCE650RY COMP'T. 
LEFT MAGNETO 
PILOTS COCKPIT 
RECORDING IN 5TR_C0y\?T. 



307 30<3 
317 3 £0 , 
23T 
/64^ 
A 



?0 
66 



230 

99 
93 
64 



309 
312. 
298 
3 14- 
309 
3 07 
325* 
332 
304 

309 
32J_ 



Sf 

49 

84- 
\4-S 



232. 

/ 6 a 

96 
9? 

93 
63 
4- 



3» 2. 

3/4 

300 

316 

3/2 

309 

3 21 

337 

309 

3/4- 
22A. 



It 

1 07 
r 02 
87 



r> 

42 

60 

S4 
/46 
2/7 
(19 

!Q$ 
/02_ 
90? 



~ 4T" 
48 
45 

3T7 

'ft 

I 4$ 
2/9 
//9 
/^g 
/05" 



- 29 

/77 

99 
/ 02 
93 
A3 
8/ 



321 
326 
3 / 3 
3 28 
321 
32J 
340 
347 
3/9 

324 
^5 



320 

3/6 

3/ / 

3/4- 

302 

3)4 

3/ / 

304 

02L5" 



3/3 
3/3 
304 
3/6 

2.96 
3/0 
306 

30! 

323 



334 329 
309 304 



311 
320 



-4Z~- 
42 
42 
S7 
157 
8/ 

/4r 

SU9 
/ /9 
f 07 

/02 
90 



.27 

/67 
99 

/02. 
96 
37 
8/ 



39 
39 
3-7 
/63 

8/ 
148 
225 
/ 2.2 
/OjT 
/02 

90 



90 
93 

bb 



3 I 9 
3/7 

V3 
99 
93 
63 



3T7~ 

3/5" 

30? 

3/5 

30/ 

30 a 

306 
32.6 
336 
308 

3/3 
32Z 



"37" 
34 

si 

ao 

\S4r 

89 
i34 
217 
/22 

/ ;a 

99 
^7 



230 

/63 

9a 

/OO 
^?3 

^0 

SI 



60 
IS/ 
B4 
/47 

2-/7 
//9 
/0>9 
100 
9<P 



+2- 

£7 

146 

217 
/ /9 

/OS 
/oa 
S>9 



3/7 

3/3 

308 

3/3 

299 

3 MT 

3/0 

304 

326 

336 

306 

3/3 

3 23 

233 

IV/ 

96 

/02 



3 /7 

3 17 

30S 

3/3 

304i 

3/7 

ill 

338' 
309, 

3/3 



"4^ 
4-3 

4^5" 

/37 
S4 
/46 

ai7 

I /9 

l OS 
99 
75 



233 
/74 

99 

/oa 

^76> 
^6 
27 



SI 

SI 
SO 
IS7 
67 
142 1 
2/9 1 
/ 24 1 
/ 10 

/02 



32*2) 393 412 424 
324 334 397 402 
335 395 408 419 
32.1 399 399 4/2 



340 3S6 3 46 335 
375 370 33 7 32/ 
390 3 84 330 33 7 



335 

375 

355 

330 

339 

36/ 

350 

355" 



336 
443 
408 
3&I 
417 
424- 
406 
4-/2 
41 



399 
466 
430 

442 

450 
428 
428 
426 



405 
470 
437 

446 
457 
433 
437 
430 



267 299 3 IS 3 19 



37 7 
426 
406 

406 
4/0 
395 
4/2 
399 



370 
424- 
4D4- 

404- 
40$ 
393 
40S 
325. 



333 35'3 
4/ 7 404 
393 331 

399 386 
399 390 
3% I 36 8 
3^4 36 & 
355 3jt 



297 290 281 279 



-2G3 
269 
254 
265 
260 
258 
272 
279 
265 

2£9 
£74 



219 
J6 / 
79 
79 

sa 

#2 



294 306 
299 310 
281 294 
297 3/0 
290 294 
£92 294 
306 3/9 
3/2 330 
292 306 

297 3/2 

a ?<f I^S. 
/74 17/ 
79 7* 



3/2 
3/2 

3/5 
306 
310 
324 
332 
3)0 

315 
3c.\ 



72 
72 
76 
I6S 

89 
/49 
/ 94 

/02 

82 



79 7£ 

79 72 

If 11 

55 39 

55 38 

5? 45- 

/74 /74 

89 79 

139 '35 

Z03 2.10 

99 89 

96 92 

79 69 

32 7£ 



2 2.0 
/66 
76 
79 
7£ 
52 
79 



2.8 

2g 

3^ 
/79 

69 
/35 

aio 
86 

6^ 

^9 



292 

297 

279 

290 

2S5 

285 

297 

306 

235 

297 

292 

£97 



226 

ga 

sa 
^a 

/o 



29a 

294 

279 
294 
28S 
290 
2 99 
3/0 
2^& 
2 90 
292 
a 9? 



65 

6? 
/V5 

9a 

/39 
205 
/06 
96 
82 
36 



2/. 
/7/ 
79 

?? 

72 



279 
283 
272 

28jT 

a88 

297 

3/0 

2^5 

28"? 

a^2_ 



3cT" 
55 

ff 

/7/ 

86 
/39 
203 

<99 

96 

"79 

^3 



201 

/ 61 
79 
79 
72 
35 
79 



2 72 

279 

267 

283 

279 

28/ 

292 

30/ 

279 

277 
2J± 



T3J 
3jT 
3^ 
42 

/6/ 

7a 

/32 
ZOO 
86 
92 

69 
72 



/94| 
)SZ 
79 
7^ 
72 
45 
72 



"ST 
24 

a4 

£5 
/29 
/97 
79 
96 
63- 
6?V 



NA1I0NAL ADVISORY 
COMMITTEE AERONAUTICS 



1^612 



TABLE 2 



' E. M PERATURET DATA 



TE6T NO-FUC^HO. 



Qcj/N H*0 
ATK PRE66 IN H£ 
AThA. TEMP *F 
J-DE^ilTT PATIO 
DENSITY ALT; FT 

R.P.M. 

MAN. IM. M6 



332. 331 332 336 

337(9 33.7 32.8 3/4- 30.3 

/748 /6-S3 I6J6 I SSI 1490 
33 30 2.-7 2 1 18 

6/6 .596 S76 .54/ 

I56S0 16700 17700435OOI9LOO 

928 900 877 849 S/6 



CYLNO PT OF f*lEA4UftEl>\E/VT 



\ - REAR 

3 



5 

6 
7 
8 
9 
10 
II 
12 
13 
14 
I 

2 

3 

s 

io 
1 
8 
9 

10 

u 
\z 

i3 
14 
/O 



PL. CASKET 



- REAR ^ 3ARAITL FLAtfG^ 



MIX. AT INTAKE PORT 
• BLOWER Rtw\ 
FUEL -4UC.6»0C PUMP 

* - ^R. •• 

* - CARB. FLOAT CHAISE;} 
ii ^ FRT 3R PL . ELBOW 

./J - REAR, mm ii 
RECORDED J*R« AIR 
MR — CARS. 6C00P 

- FRTcYt I. 
m - REAR * - 
M - OIL COOLER EXIT 

OIL - IN LINE 

OIL * OUT 

ACCESSORY COHtPT. 

LEFT KAfeNETO 

PlU>T& COCKPIT 

ftECORDlW G XHSTft CO*f»T 



I 



2 3 



(5HEET 2.^ 



w— a 

a 3 



33/ 331 331 332 334 
34.0 330 JJ/.7 308 33.9 
J6.89 /6.22 15.59 14.94 16.53 
26 23 23 20 £7 
603 .583 .3*0 .S40 5T89 
JLSOO 17300)2500 I9650I7OSO 
909 <377 353 5/2. 905" 



-R2S 



.^75 J6.J 34* 

HIGH i> PEE D 



26SO- 



TEM P. 



39.2 



3Z.O J6.f 35.0 
WISH 5PEED . 



377 375* 378 332 338 
37S 375" 379 3ff2 388 
384 379 384 388 393 



379 377 3 8a 384 38fr 
4-34 4-32 436 439 443 
315 39S 400 400 402 

420 42 O 424- 4-2.7 ^29 
4E7 427 432 4-36 439 

40a 404 4-07 4/a 41* 



307 
309 
3 02 
304 

a93 

307 

302 

a9« 

3/6 

325 
298 
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Figure 3.- Close-up of cowling with spinner and cuffs. 




Figure 5.- 



Close-up of cowling with cuffs only. 
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